Recently, photosynthetic microalgae have gained particular interest as a new source for industrially important biomolecules because they are able to convert carbon dioxide (CO 2 ) to various types of products such as carbohydrates, lipids, and proteins with minimal growth requirements [6, 29] . In particular, microalgae are now considered as one of the most attractive candidates for biofuel and polyunsaturated fatty acid (PUFA) production due to their higher photosynthetic efficiency and oil yield compared to terrestrial crops [16, 20, 37] . In this study, a Korean indigenous microalga, Chlorella vulgaris KNUA027 was isolated and identified, and its potential as biofuel and PUFA feedstock was investigated.
Algal samples growing around the root of Panax ginseng seedlings on Petri dish at Sangju Campus, Kyungpook National University (36 o 22'N, 128 o 08'E)
were collected in February 2013. Samples were then inoculated into 100 ml BG-11 medium [30] (Table 1) with meropenem (Yuhan Pharmaceuticals, Korea) at a concentration of 100 µg/ml. The flasks were incubated at 25℃ with shaking at 160 rpm under cool fluorescent light (approximately 70 µmole m -2 s -1
) until algal growth was apparent. Well-grown algal cultures (1.5 ml) were centrifuged at 3,000 × g for 15 min (Centrifuge 5424, Eppendorf, Germany) and resulting pellets were streaked onto BG-11 agar supplemented with meropenem (20 µg/ ml). Plates were then incubated in a light:dark cycle (16:8 h) at 25℃ and a single colony was aseptically transferred to fresh BG-11 plates to obtain an axenic algal culture.
For morphological identification, live cells were harvested, suspended in sterile distilled water, and inspected at ×1,000 magnification on a Nikon Eclipse E100 Biological Microscope (Japan). For molecular analysis, genomic DNA was extracted using a DNeasy Plant Mini kit (Qiagen, Germany). The primer sets NS1/NS8 and ITS1/ITS4 [39] were used to amplify the 18S rRNA gene and internal transcribed spacer (ITS) region, respectively. The D1-D2 region of the large subunit rRNA gene of the isolate was amplified using the NL1 and NL4 primers [27] . The ITS2 rRNA secondary structure of strain KNUA027 was predicted in the ITS2 Database (http://its2.bioapps.biozentrum.uni-wuerzburg.de) [18, 40] . Phylogenetic analysis was performed with the ITS sequence of strain KNUA027 using the software package MEGA ver. 6.0 [38] . Its closely related Chlorella sequences were downloaded and aligned in the MEGA software, with the ClustalW tool. The best-fit nucleotide substitution model (T92) was selected using MEGA 6.0 based on the Bayesian information criterion. This model was used to build a maximum likelihood (ML) phylogenetic tree with 1,000 bootstrap replicates. Due to the highly conserved nature of rRNA, the plastid-encoded psaA (photosystem I P700 chlorophyll a apoprotein A1) and psbA (photosystem II reaction center protein D1) were also sequenced using primer sets, psaA130F-psaA1760R for psaA and psbAF1-psbAR2 for psbA, respectively [42] . The DNA sequences obtained were submitted to the NCBI database and their accession numbers were listed in Table 2 . Also, the strain obtained in this study was deposited in the Korean Collection for Type Cultures (KCTC) under the accession number KCTC 12965BP.
For biomass characterization, the isolate was inoculated into BG-11 medium in triplicate and incubated at 25℃ for 20 days until the culture reached its late exponential phase. Cells were harvested by centrifugation at 3,220 g (Centrifuge 5810R, Eppendorf, Germany) and immediately freeze-dried. The lipids were then extracted using a modified version of the Bligh-Dyer method [41] . The fatty acid composition of the cultures was decided by GC/MS (Jeol JMS700 mass spectrometer equipped with an Agilent 6890N GC, Agilent Technologies, USA). Peak identification and compound assignment were performed based on electron impact mass spectrum and the National Institute of Standards and Technology mass spectral libraries [35] were used as reference databases.
The remaining freeze-dried biomass samples were pulverized with a mortar and pestle and sieved through ASTM No. 230 mesh (opening = 63 µm). Ultimate analysis was conducted in order to determine the carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) contents using a from the N content in the ultimate analysis by using the conversion factor (× 6.25) [23] . Proximate analysis was carried out on a DTG-60A thermal analyzer (Shimadzu, Japan). Platinum pans were used to contain 30 mg of α-alumina (α-Al 2 O 3 ) powder (Shimadzu, Japan) as a reference material and approximately 10 mg of each sample, respectively. Nitrogen (> 99.999%, N 2 ) was supplied as the carrier gas at a rate of 25 ml/min to protect the microalgae powder from oxidation. Samples were heated from 50 to 900℃ at a rate of 10℃/min. Thermogravimetric analysis (TGA) data were analyzed by ta60 Ver. 2.21 software (Shimadzu, Japan). Strain KNUA027 had common features of the genus Chlorella. The algal cells were solitary, non-motile, and round to slightly ellipsoid in shape. The microorganism had a predominant cup-shaped chloroplast and its sizes ranged from approximately 1−3 µm in diameter (Fig. 1) . Molecular characterization inferred from sequence analyses of the genes for 18S rRNA, 28S rRNA, the ITS region, psaA, and psbA showed that the isolate belonged to the C. vulgaris group (Fig. 2, Table 1 ). Furthermore, strain KNUA027 exhibited a G-C pairing on the top of helix III (Fig. 3) . These key compensatory base changes (CBCs) in the ITS2 secondary structure also confirmed that strain KNUA027 belonged to the genus Chlorella [15] . Therefore, the isolate was identified as C. vulgaris strain KNUA027.
The fatty acid profile of C. vulgaris KNUA027 is summarized in Table 3 . Analysis of the cellular fatty acid composition of strain KNUA027 revealed that α-linolenic acid (ALA, 45.8%, 50.8 mg/g), palmitic acid (37.1%, 41.2 mg/g), and hexadecatrienoic acid (HTA, 11.8%, 13.1 mg/g) were the major fatty acids. Numerous studies have demonstrated that ALA and HTA have many beneficial health effects [25] and various commercial omega-3 products are available worldwide [28] . As omega-3 PUFAs are primarily derived from refined fish oils, this isolate may have the potential to be used as an alternative to fish-based sources. The 16-carbon saturated palmitic acid suitable for biodiesel production was also autotrophically biosynthesized by strain KNUA027 as one of the major fatty acids. Recent studies on the biodiesel production by Chlorella vulgaris have demonstrated that palmitic acid (C 16:0 ), linolenic acid (C 18:2 ), linoleic acid (C 18:2 ), and oleic acid (C 18:1 ) were the main fatty acids regardless of culture medium and C. vulgaris strain (Table 4) . Likewise, palmitic acid (37.1%) was one of the most abundant fatty acids in strain KNUA027. However, the high content of ALA (45.8%) makes the isolate an interesting candidate for further in-depth study involving omega-3 production. In addition, C. vulgaris KNUA027 was reported to produce a trace amount of heptadecane (0.7%, 0.8 mg/g). As heptadecane is a 17-carbon alkane hydrocarbon known as one of the major components of petrodiesel [19] , this microalgaderived alkane can be directly used as a biodiesel component without having to convert triglycerides into liquid hydrocarbons.
In proximate analysis by TGA, the moisture content (MC) is determined by the mass loss before 110℃ under N 2 atmosphere, the volatile matter (VM) refers to the mass loss between 110−900℃ under N 2 as a result of thermal decomposition, and the remaining mass represents fixed carbon (FC) and ash [5] . The moisture, VM, and FC and ash contents of strain KNUA027 were 5.0%, 88.5%, and 6.5%, respectively (Fig. 4) . The VM is defined as the part of solid fuel that is driven-off as a gas by heating and typical biomass generally has a VM content of up to 80% (crop residue: 63−80%; wood: 72−78%). The VM content of the microalga used in this study was higher than the range of wood-based biomass feedstocks. The HHV was also calculated to understand the potential of algal biomass as a biofuel feedstock ( Table 5 [17, 31, 34] . However, these HHV results cannot be directly compared with our results because of the different culture conditions. Given the higher photosynthetic efficiency and biomass productivity [33] , strain KNUA027 holds promise as a potential source for biomass feedstocks over crop plants. As high carbon content is a desirable property for fuel, if the higher concentration of CO 2 in the medium is available, the higher HHV are possible. In addition, the biomass may also serve as an excellent animal feed because of its high protein content (45.7%).
In conclusion, this Korean indigenous microalga, C. vulgaris KNUA027 could serve as potential biological resource to produce compounds of biochemical interest. The real potential of the isolate described in this paper should be evaluated through further cultivation studies at molecular, laboratory, and field scales. 
